Background: As brain activity depends greatly on the functions provided by lipid membranes, dietary fat in early life can affect the developing nervous system. Despite the adoption of an early more aggressive parenteral nutrition approach with amino acid infusions still reluctance to the early use of intravenous lipids in neonates. Aim: To compare the effect of delayed versus early introduction of intravenous lipid in preterm on the biochemical parameters and on brain development by the cortical auditory evoked potential (CAEP) latency and amplitude. Methods: This is a comparative study included 49 neonates admitted at the ain shams university NICUs. Participants were divided into two groups: 26 in group of early lipid infusion and 23 in late lipid infusion, Demographic data, and biochemical parameters were documented during the 1st 2 weeks of life. The CAEP was performed at age of 6 months. The latency and amplitude of P1 were recorded and compared between both groups. Results: In the present work we found that group of early lipid infusion had reach their full oral intake earlier with shorter duration of parenteral nutrition and length of stay. They had better weight gain and significantly better glucose level control than group of late lipid infusion. There was no significant difference in the other chemical parameters between both groups expect for the higher incidence of cholestasis in the group of late lipid infusion. At 6 months of age, the group of early lipid infusion had significantly shorter latency and amplitude of P1 than the group of late lipid infusion. Conclusion: Early effective nutrition positively affect feeding tolerance and weight gain and maturation of higher brain centers brain.
Introduction
Nutrition is one of the basic factors for the development of the central nervous system (CNS) and early nutritional deficiency impairs CNS function [1] . Most of the dry weight of the brain is a lipid, roughly 25% Docosahexaenoic acid (DHA), 25% stearic acid, 14% Arachidonic acid (AA), and 12% oleic acid. During the last trimester and the 1st 12 weeks of life the brain depends mainly on DHA. It is during this period that brain synapses are forming and the need increases three to five times [2] . As brain activity depends greatly on the functions provided by lipid membranes, dietary fat in early life can affect the developing nervous system [3] . Researchers have noticed that DHA is required for the development of the cerebral cortex and numerous brain functions responsible for signal transmission and cognitive functions. Reduced amounts of DHA causes smaller brain development in early infancy [4] . Many studies recently recommend early more aggressive parenteral nutrition (continuous glucose infusion at a rate of 6-8 mg/kg/day; protein 3 mg/kg/day), starting within the first 1-2 h after birth [5] . But despite the adoption of a more aggressive approach with amino acid infusions still reluctance to the early use of intravenous lipids. This practice was based on several dogmas that suggest that lipid infusions may be associated with the development or exacerbation of lung disease, displacement of bilirubin from albumin, thrombocytopenia, and can exacerbation of sepsis [6] . In fact, the data for these are nonexistent, misinterpreted, or lacking and underestimate the effects of malnutrition both reversible and permanent on the central nervous system [7] . There is evidence since the 1950′s and 1960′s that malnutrition is associated with reduced myelination [8] , in the neurophysiological field, changes in electroencephalogram [9] and evoked potentialtracings [10] . Auditory Evoked Potentials (AEP) are very sensitive measures related to brain functions and provide a highly specific representation of auditory-related brain function. Results are highly reproducible among individuals and have been well characterized as a function of stimulus intensity and postnatal age-auditory-related brain [11] . While numerous studies have focused on the anatomical and biochemical changes in the developing brain with malnutrition, few studies have assessed the physiological changes. Taking into account that the most used AEP reaches the level of the brainstem, studies involving higher paths and cortical areas are necessary, focusing on persistence of the effects of malnutrition on higher cortical activity with present and future consequences for development [12] . Our aim was to compare the effect of delayed versus early introduction of intravenous lipid in preterm on the biochemical parameters and on brain development by the cortical auditory evoked potential (CAEP) latency and amplitude.
Methods

Participants
This is a comparative study over a period of 12 months from February 2017. Neonates were recruited from ain shams university NICUs and followed up at the neonatology clinic (pediatric department) audiology clinic (ENT department) after approval of the hospital NICU research & ethical committee and verbal consent from the parents.
Patients were divided into 2 groups according to the time of intravenous lipid infusion introduction to admitted neonates.
-Group of early lipid infusion (ELI): included neonates who received intravenous lipid infusion earlier than 48 h of life. -Group of late lipid infusion (LLI): included neonates who received intravenous lipid infusion later that 48 h of life.
Inclusion criteria
The study included neonates aged below 32 weeks and weight below 1500gm. Those who received total parenteral nutrition infusion for 1st week of age and not more than 2 weeks before enteral feeding initiation. After discharge infants were prospectively followed up at the neonatology and audiology clinic. The biochemical data of all neonates were studied over 1st 2 weeks of life. They were assessed at the age of 6 months by the CAEP to evaluate their central auditory functions.
Exclusion criteria
We excluded any patient with comorbidities during NICU admission such as increased mechanical ventilation more than 5 days, secondary neonatal sepsis, necrotizing enterocolitis, patent ductus arteriosus, intraventricular hemorrhage and hypoxic ischemic encephalopathy. To eliminate the confounding effect of other risk factor on the cortical auditory evoked potential results only infants with normal neurological development, normal hearing screening, No history of hearing loss, ear disease, trauma, ototoxic drug intake or ear operation. The initial sample consisted of 76 preterm during the study period of these 27 (13 in ELI and 14 in LLI group, ) were excluded as they did not match the inclusion criteria: 7 died, 12 received parenteral nutrition below 5 days, 8 had major surgical problems. A total of 49 neonates (26 in ELI and 23 in LLI) were enrolled in the study and continued the full audiological evaluation.
Parenteral nutrition
Both group started on intravenous dextrose after birth on 80 ml/kg/day, increased by 10 ml/kg to reach maximum of 150-200 ml/kg/day. Glucose started at 6 mg/kg/min and increase rate by 1-2 mg/kg/min according to glucose monitoring. On day 2 parentral nutrition started with the amino acid (aminoven 10%, Fersenius Kabi AB, Uppsala, Sweden) starting on 3gm/kg/day and reach max of 3.5 gm/kg. In group of late lipid infusion (LLI) prescribing protocol was a daily stepwise increment starting from day 3 at 0.5 gm/kg/day up to a maximum of 3gm/kg/day. In group of early lipid infusion (ELI) we started on day 2 by 1.5gm/kg/day with 0.5gm/kg/day to reach maximum of 3gm/kg/day. Trophic Feeding of the neonates was starting as early as possible when baby was stable by expressed breast milk and increment of 2 ml/fed every day during 1st week whenever tolerated. Most babies reach full oral by 2 weeks. Started trial of direct breastfed by age of 34 weeks.
Biochemical parameter assessment
Data included: age, gender, weight of birth and Apgar score Laboratory (mean values during the 1st week): sodium, potassium, glucose, urea, creatinine, bilirubin, and albumin.
Nutrition parameter: mean weight gain/day during admission, mean days of parenteral nutrition, time to reach full feeds, mean weight gain/month after discharge till 6 months. 
Methods
Each test session included the audiometric testing, electrode application and cortical auditory evoked response recording. Infants were fed and supported by his mother to avoid any interference with the test results.
We inserted earphones and electrodes positioned with electrolytic conductive paste and adhesive tape, after cleaning the skin with abrasive paste. The active (non-inverting) electrode was placed on the vertex (Cz), while the reference (inverting) electrode M1/M2 was placed on the right or left mastoid and the ground electrode was placed on the forehead (Fz). The electrodes were then connected to the preamplifier before passing on to the biologic evoked potential analyzer system, which both analyzed the incoming data as well as generating the auditory stimulus. This stimulus travelled via the amplifier before being presented through inserted receiver. To ensure balanced inputs to the differential amplifier and optimize signal to noise ratio, electrode impedance were kept below 5 Ohms. P1 obligatory cortical auditory responses were recorded in response to tone bursts stimuli at 500 and 2000 Hz, applied. The stimuli were presented at a rate of 0.5 Hz pulsed /sec and at a supra-threshold level of 70 dB in HL.
P1 Obligatory cortical auditory evoked responses were recorded using filter settings of 0.1-50 Hz. The time window was taken as 500 ms. At least two runs of 200 response sweeps were collected for each subject. Amplitude-based artifact rejection level was set between 50 and 90 μv for infant test.
P1 morphology was evaluated and waveforms were judged replicable based on visual inspection of the recordings .P1 was defined as the first robust positivity in the waveform in the latency range from 40 to 300 ms with waveform repeatability. Latency and amplitude values were determined for P1. Amplitude describes the strength of the response in micro volts (μv). Latency describes the amount of time, in milliseconds (ms), that it takes to generate the bioelectrical response following stimulus onset.
P1 latency is measured at the center of the peak as the time in msec from stimulus onset to the peak, and P1 amplitude measures were made from baseline to peak [13] .
Results
As regard the demographic data, there were no significant differences in gender percent, birth weight, gestational age or median 5 min Apgar scores (Table 1) .
Parenteral nutrition
In the group of Early lipid infusion mean post-natal age of lipid start was much earlier with shorter duration to reached full lipid infusion and time course of parenteral nutrition (2.37 ± 0.42 days, 5.5 ± 0.57 days, 10.5 ± 1.73 days respectively) compared to group of Late lipid infusion (3.75 ± 0.75 days, 7.67 ± 0.87 days, 15.17 ± 1.7 days in LLN respectively). This was statistically significant (p = 0). 
Enteral nutrition
The group of Early lipid infusion had statistically significant (p = o) earlier start of their oral fed and achievement of their full oral intake (4.46 ± 1.3 days and 15.19 ± 2.86 days) than group of Late lipid infusion (5.61 ± 1.31 days and 19.13 ± 2.6 days respectively). Significantly shorter length of stay in NICU in group of Early lipid infusion compared to group of Late lipid infusion (18.96 ± 5.37 days) versus (22.61 ± 5.24 days) (p = 0.02).
Weight gain
The weight gain /day during the hospital stay and during the 1st 6 month of life was significantly higher in group of Early lipid infusion (20.85 ± 4.95 g, 771.92 ± 58.8 g) than that of Late lipid infusion (15.35 ± 2.50 g, 707 0.83 ± 59.16 g)(p = 0). As regards biochemical parameter during hospital stay ( Table 2) , we found that the number of newborn who suffered from hyperglycemia and cholestasis in group of Late lipid infusion was higher than those in group of Early lipid infusion (p = 0.035 and 0.001 respectively).
The parameter of the cortical auditory evoked potential are shown in Table 3 .
Discussion
Developmental nutrition on preterm infants have documented the need for increased energy and protein intake started as early as possible after birth and demonstrated that the undernutrition which occurs in preterm is responsible for poor neurodevelopmental and neurocognitive outcomes [14] but it is not clear to what extent these physiological deficits might impair behavior [15] . It is well known and accepted that intravenous glucose or amino acids have to be given at a constant rate and in amounts that do not induce metabolic disturbances or exceed the metabolic capacity of the infant [14] . Intravenous lipid (IL) emulsions are important constituents of total parenteral nutrition (TPN) because they provide essential fatty acids and allow an increase in energy intake without giving an excess of glucose, which may be associated with an increase in carbon dioxide production [7] . However, the utilization of IL emulsions during the very first days of life was debated [16] .That's why we tried to evaluate the effect of timing of introduction of intravenous lipid in the parenteral nutrition on the biochemical parameters of preterm and we recorded P1 as a biomarker of the auditory cortical evoked potential.
In the present work we found that group of early lipid infusion had reached their full oral intake earlier with shorter duration of parenteral nutrition and length of stay. They had better weight gain and significantly better glucose level control than group of late lipid infusion. There was no significant difference in the other chemical parameters between both groups expect for the higher incidence of cholestasis in the group of late lipid infusion. At 6 months of age, the group of early lipid infusion had significantly shorter latency and amplitude of P1 than the group of late lipid infusion. It is a consistent observation among different studies that preterm infants have low fat depots and lack of essential fatty acids may affects brain development. Because of this, it has been recommended to administer amino acids and fat from the first day of life [17] . Postnatal growth restriction in preterm infants is mainly due to a low caloric intake during the first weeks of life therefore, recommendations have been changed, suggesting an early start with protein and fat supplementation [18] . Our results matched with valentine et al. who observed weight gain in 308 preterm VLBW infants who received early parenteral nutrition supplementation in comparison with 132 infants who did not receive early parenteral nutrition. It was also observed that infants in the early parental nutrition groups had a shorter duration of total parenteral nutrition administration and achieved full enteral feeds earlier [5] . Gnigler et al. showed that the duration of parenteral nutrition decreased after the introduction of the Computer Calculation Program for Individualized Parenteral Nutrition and has been associated with better growth and development of preterm infants [19] . Many studies proved that a possible explanation better weight gain in preterm allowed for an earlier stop of parenteral nutrition as the higher supply of amino acids and fat, allowed the administration of less total fluid by more concentrated solution. As less total fluid is administered when oral feedings are increased and the patient can be completely orally fed earlier. Other possibility is that babies with a better supply of amino acids and fat have tolerated the oral feedings better [20] . Our result of hyperglycemia in neonates with late lipid infusion may be explained by the fact that high cortisolconcentrations (endogenous or exogenous) also promote glucose production and protein catabolism in these infants. High glucagon concentrations in these infants contribute to glycogen breakdown and gluconeogenesis [21] . Matching to our results Ibrahim et al. showed statistically significant lower serum glucose levels in the early parenteral infusion group compared to the late parenteral infusion group, though both groups had serum glucose concentrations within normal ranges. They suggested that decrease in blood glucose might be due to the stimulatory effect of AA on insulin secretion [22] . Thureen and colleagues demonstrated higher insulin concentrations in infants receiving AA at 3 gm/ kg/day compared to those receiving 1 gm/kg/day [23] . Murdock et al. showed that early introduction of AA and lipids lowers serum blood glucose levels [24] . As regards cholestasis in our patient it may be explained by the delay of enteral nutrition and longer duration of the parenteral nutrition in the group of late lipid infusion. The development of total parenteral nutrition (TPN) cholestasis might be the direct association of TPN and liver toxicity [25] . The absence or delay of physiological enteral intake may enhance liver damage. Earlier enteral feeding can reserve intestinal integrity, maintain intestinal hormones and enzymes secretion, prevent bacterial translocation, and interrupt the beginning of liver dysfunction that leads to cholestasis [26] . Evidence that malnutrition causes changes in auditory evoked potentialsmeasurements in children has been provided sparsely in the literature [27] . The P1 peak is robustly present and dominates the waveform morphology of the cortical auditory evoked potential in young children. It has been reported that over the first 2-3 years of life, there is a rapid decrease of the latency and the mean P1 latency in adults with normal hearing is approximately 60 ms. [28] Similarly Gilley et al. [29] reported that the negative component following P1 (so called N1) is not consistently seen in normal hearing children until 12 years of age [29] .
Latency of the P1 wave is thought to reflect the sum of synaptic transmission delays throughout the central auditory pathways .Latency changes in the P1, as a function of increasing age, reflect the maturation of the central auditory pathways occurring (at least in part) in response to auditory stimulation. This is most likely due to more efficient synaptic transmission over time [30] . Researchers have further described patterns of development that lead to changes in P1 latency and morphology [31] .
Flinn et al. investigated potentials recorded in cortical areas, with the child's name as a stimulus. They observed that malnourished infants had a lower number of wave peaks and amplitudes than controls, after a nutritional recovery period of about four months [28] . Early initiation of n-3 and n-6 fatty acids at 28-34 gestational weeks, than those treated at 34-37 weeks corrected pregnancy-induced essential fatty acids deficiency, maternal-fetal malnutrition and increased the fetal biparietal diameter [10] .
Franz et al. showed that poor early neonatal HC growth was associated with abnormal neurological examination and abnormal mobility at the age of 5.4 years, and poor early neonatal weight gain was associated with abnormal neurological examination with lower mental processing composite scores in multiple regression models, accounting for perinatal risk factors and socioeconomic status [32] . Ehrenkranz et al. reported that, a higher rate of HC growth and weight gain from birth to discharge was associated with a lower incidence of cerebral palsy, subnormal mental developmental index, and neurodevelopmental impairment [33] . The cortically generated AEPs in normal hearing individuals continue to show maturational changes up to 15 years of age determined by latency and amplitude of the responses, and can therefore be used to assess cortical plasticity [31] . In our study, the latency of the P1 component of the cortical evoked response to sound infants who were delivered preterm varies as a result of early effective nutrition and, thus, can be used as a biomarker for maturation of central auditory pathways. As previously mentioned, the latency of the components of cortical potentials can be influenced by maturation. According to Hecox and Galambos [34] , Wave I undergoes a process of maturation at about two or three months of life, and six months according to Isaac 1999 [35] . Odabas et al. [27] reported increased wave latencies (mainly for wave I) at all degrees of malnutrition. These findings suggest that malnutrition early in life may have a more marked effect on the caudal myelinationof the auditory pathway [27] . Similarly a study conducted with 15 newborns indicated that such increased latency values of the components P1 and N1 are justified by the immaturity of cortical structures in this population, regardless of gestational age [36] .
In conclusion, the maturational differences in the auditory pathway between both groups highlighted by the P1 component may reflect the effect of early effective nutrition on higher centers brain development.
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